The association between polymorphic CAG repeats in the androgen receptor gene in women and breast cancer susceptibility has been studied extensively. However, the conclusions regarding this relationship remain conflicting. The purpose of this meta-analysis was to identify whether androgen receptor CAG repeat lengths were related to breast cancer susceptibility. The MEDLINE, PubMed, and EMBASE databases were searched through to December 2014 to identify eligible studies. Data and study quality were rigorously assessed by two investigators according to the Newcastle-Ottawa Quality Assessment Scale. The publication bias was assessed by the Begg's test. Seventeen eligible studies were included in this meta-analysis. The overall analysis suggested no association between CAG polymorphisms and breast cancer risk (odds ratio [OR] 1.031, 95% confidence interval [CI] 0.855-1.245). However, in the subgroup analysis, we observed that long CAG repeats significantly increased the risk of breast cancer in the Caucasian population (OR 1.447, 95% CI 1.089-1.992). Additionally, the risk was significantly increased in Caucasian women carrying two alleles with CAG repeats 22 units compared with those with two shorter alleles (OR 1.315, 95% CI 1.014-1.707). These findings suggest that long CAG repeats increase the risk of breast cancer in Caucasian women. However, larger scale case-control studies are needed to validate our results.
Introduction
Breast cancer is the most common cause of death due to tumor development and the most common type of cancer in women. 1 In the USA, breast cancer is the leading type of cancer and the second most fatal cancer among female patients. 2 Accumulating evidence has indicated that the risk of breast cancer is strongly related to endogenous hormone levels and genes responsive to such hormones. Recent studies have shown that the human androgen receptor (AR), which is responsive to changes in hormone levels, plays an important role in breast cancer risk. 3 The human AR is a nuclear receptor. The AR gene is composed of eight exons and maps to Xq11-12. CAG repeats exist in the first exon of the AR gene, which encodes a glutamine tract. The length of this tract varies from 10 to 40 repeat units among individuals. 3 The length of the CAG repeat in exon 1 of the AR might be inversely related to its transactivation efficiency. Alleles with long repeat lengths have been associated with decreased efficacy of androgenic activity, and this decreased activity will inhibit androgen signaling, which inhibits breast carcinogenesis by limiting the proliferation of breast cancer cells. 4 This finding is consistent with in vitro studies, which have shown that androgen inhibits breast epithelial cell proliferation. 5, 6 Furthermore, recent investigations have submit your manuscript | www.dovepress.com
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Mao et al indicated that polymorphisms of the AR gene are modulators of the penetrance of BRCA1 mutations in women. 7 Therefore, CAG polymorphisms might be correlated with the risk of breast cancer. 8 However, the results of previous studies are inconsistent. Some studies have shown that breast cancer in women exhibits an inverse association with CAG repeat length polymorphisms. Shorter CAG repeats have been described as high-risk factors for breast tumors. [9] [10] [11] However, some studies have shown opposite results. 12, 13 These inconclusive and conflicting results may be partially due to relatively small sample sizes and different statistical models used in each of the published studies. Therefore, we performed a meta-analysis to evaluate the association between CAG repeat length polymorphisms and breast cancer risk.
Methods
Data sources and searching strategy
This meta-analysis was conducted and reported in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines for systematic reviews and meta-analyses (Table S1) . A comprehensive search of the PubMed and EMBASE databases was conducted to identify published studies that evaluated the relationship between CAG polymorphism and breast cancer risk in women. We searched the databases using the following medical subheadings and keywords: "androgen receptor" and the abbreviation of the gene "AR", "short tandem repeat", "CAG", "(CAG)n", "polymorphism", and "breast cancer". Other alternative spellings were also considered. The reference lists of included papers, systematic reviews, letters, and commentaries were examined. No language restrictions were implemented.
Study identification and evaluation criteria
The relevant publications were carefully evaluated to obtain any possible related articles. The following inclusion criteria were used to select eligible studies: articles regarding AR CAG polymorphism and breast cancer risk in women; only the most recent or complete study if the same study subjects were included in more than one publication; studies with clear partial or detailed genotyping; and case-control studies using either a hospital-based or a population-based design.
Data extraction
Two authors (QM and MQ) independently extracted the following information from all qualified studies: first author's last name, publication data, population ethnicity, study design, baseline characteristics of the study population, and the genotype distribution of the cases and controls.
According to previous investigations, we defined the recessive and dominant genotypes by the length of the CAG repeat. A shorter length CAG repeat (less than 22 repeats) was defined as a recessive genotype. A long length CAG repeat (more than 22 repeats) was defined as a dominant genotype. 6, 14, 15 Any disagreements encountered were resolved by discussion with another author (FJ) until a consensus was reached.
Quality evaluation
The Newcastle-Ottawa Scale was used to assess the quality of the included case-control studies, which evaluated three aspects of the studies including selection, comparability, and exposure. 16 A study was awarded a maximum of one "star" for each high-quality item within the "selection" and "exposure" categories and a maximum of two "stars" for the "comparability" category. The quality assessment was conducted by two authors (QM and MQ) independently.
Statistical analysis
Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated to estimate the relationship between CAG polymorphism and breast cancer risk. The following comparison models were calculated: SS versus all SL-LL (SS, women carrying two shorter alleles; SL, women carrying at least one long allele; and LL, women carrying two long alleles) in all 17 studies; and a homozygote comparison (SS versus LL), recessive model (SS-SL versus LL) and dominant model (SS versus SS-LL) were performed in 12 studies, including a detailed comparison of SL and LL. Additionally, a subgroup analysis was performed based on ethnicity.
A Q-statistic test was performed to evaluate the betweenstudy heterogeneity. 17 If the result of the heterogeneity test was P0.10, the pooled ORs were analyzed using the random-effects model. Otherwise, the fixed-effects model was selected. These two models provided similar results when between-study heterogeneity was absent. The potential publication bias was evaluated with a funnel plot and Begg's linear regression asymmetry test. Begg's test can detect funnel plot asymmetry by determining whether the intercept deviates significantly from zero in a regression of the standardized effect estimates against their precision.
18
All statistical analyses were performed using Stata version 12.0 software (Stata Corporation, College Station, TX, USA).
Results
Search process
Ninety-nine studies were primarily identified. The search and selection process is described in Figure 1 . After an 
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CAG repeat polymorphisms in the AR and breast cancer risk extensive literature search, we finally identified 17 reports that met our inclusion criteria and conducted at least one of the aforementioned comparisons. 6, [9] [10] [11] [12] [13] [14] [15] [19] [20] [21] [22] [23] [24] [25] [26] [27] Characteristics of eligible studies Seventeen reports were examined in this meta-analysis, which included 10,919 cases and 14,002 control subjects. The characteristics of the study population are shown in Table 1 . Eleven studies were conducted among the Caucasian population, and four studies were conducted among the Asian population. Other studies were conducted among African populations. The distributions of CAG repeat lengths in alleles of the AR gene were shown in all studies. However, five studies showed only the distribution of women who carried two shorter alleles (SS) and women who carried one or two long alleles (SL-LL; Table 2 ).
CAG polymorphism and cancer risk
Because the P-value of the heterogeneity was less than 0.1, the random effects model was selected. Seventeen studies, including 10,919 cases and 14,002 control subjects, were pooled to estimate the comparison of SS and SL-LL (D + L pooled OR 1.031, 95% CI 0.855-1.245, P0.05; Figure 2 ). Neither the comparison of SS versus LL nor that of SS-SL versus LL showed significant differences in breast cancer risk (D + L pooled OR 1.062, 95% CI 0.784-1.439, P0.05; D + L pooled OR 0.994, 95% CI 0.819-1.207; P0.05).
Because differences in race could influence the results, we divided the studies into three groups according to ethnicity. In the Caucasian subgroup, a 1.4-fold increased risk was observed in women carrying one or two long alleles (D + L pooled OR 1.447, 95% CI 1.089-1.992) in eight studies that included 8,827 cases and 11,526 control subjects ( Figure 3 ). Additionally, compared with women who carried two shorter alleles, those with two long alleles had a substantially increased risk of breast cancer (D + L pooled OR 1.315, 95% CI 1.014-1.707; Figure 4 ). These results indicate that the breast cancer risk was elevated in Caucasian women who carried one or two long alleles. However, women who carried one or two long alleles showed a protective effect against breast cancer in the Asian subgroup (D + L pooled OR 0.589, 95% CI 0.307-1.129), which included three studies with 1,595 cases and 1,968 control subjects. An additional analysis was performed in the African subgroup. There were no major differences between the SS and SL-LL groups in the African subgroup (D + L pooled OR 0.962, 95% CI 0.681-1.358), which included two studies with 497 cases and 508 control subjects. These results are presented in Table 3 . Notes: SS, women carrying two shorter alleles; SL, women carrying at least one long allele; LL, women carrying two long alleles.
Heterogeneity
Obvious heterogeneity was detected in each of the comparison models. A meta-regression revealed that ethnicity, publication year, sample size, and source of control subjects did not contribute to the heterogeneity (data not shown).
Publication bias
To assess the publication bias, a funnel plot and Begg's test were performed. No publication bias was detected in the overall analysis ( Figure 5 ). Additionally, no publication bias was found in the Caucasian and Asian subgroup analyses 
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Figure 2 Forest plot of SS versus all SL-LL and Forest plot of the subgroup analysis (SS versus all SL-LL).
Notes: weights are from random effects analysis; SS, women carrying two shorter alleles; SL, women carrying at least one long allele; LL, women carrying two long alleles. Abbreviations: OR, odds ratio; CI, confidence interval.
Figure 3 Forest plot of the subgroup analysis (SS versus SL-LL).
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Figure 4 Forest plot of the subgroup analysis (SS versus LL).
Notes: weights are from random effects analysis; SS, women carrying two shorter alleles; SL, women carrying at least one long allele; LL, women carrying two long alleles.
(P Caucasian =0.072 and P Asian =0.656). Two studies showed Hardy-Weinberg disequilibrium.
11,26
Discussion
Breast cancer is a known sex steroid hormone-related disease. Sex steroid hormones exert their biological effects by binding to nuclear receptors, including the AR. The AR mediates the effects of androgen and plays a complex role in breast carcinogenesis. Androgen binding to the AR activates the androgen signaling pathway and inhibits the proliferation of breast cancer. 3 Polymorphic variations in sex hormone receptor-encoding genes, such as CAG polymorphisms in the AR, may therefore alter the activity of the receptor molecules and, in turn, the susceptibility to breast cancer. [28] [29] [30] [31] Previous conclusions regarding CAG polymorphism and breast cancer risk have been conflicting and inconsistent. Gonzalez et al, 12 Liede et al 22 
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CAG repeat polymorphisms in the AR and breast cancer risk family history of breast cancer. However, no associations were found in studies by Slattery et al 24 or Spurdle et al. 25 In contrast, some investigations have shown that short CAG repeats are associated with breast carcinoma in women. 9, 10 In the present meta-analysis, we found that CAG repeats longer than 22 units increased the risk of breast cancer in Caucasian women (SL-LL versus SS, OR 1.447, 95% CI 1.089-1.992). An increased breast cancer risk was also found in Caucasian women in the homozygote comparison model (SS versus LL, OR 1.315, 95% CI 1.014-1.707).
In a meta-analysis conducted by Hao et al 4 years ago, 32 long CAG repeats had a protective effect on breast cancer in the dominant comparison. However, many studies have been published in the past 4 years, and more studies have investigated the Asian and African populations. Thus, different and comprehensive conclusions are presented in this meta-analysis. Initially, we considered that long CAG repeats might increase the susceptibility to breast cancer in Caucasian women. However, we analyzed the data from all investigations collected in this meta-analysis. The outcome showed no association between CAG polymorphisms and breast cancer in women; this result differs from that of a previous meta-analysis. Taking ethnic differences into consideration, we conducted a subgroup analysis by race. In the Caucasian subgroup, a significant correlation was observed between CAG polymorphisms and breast cancer risk. These results were consistent with the conclusions of Gonzalez et al and Wang et al. Androgen might play a protective role in breast cancer development. 12 Long CAG repeats were correlated with decreased efficacy in inducing androgen activity. Long CAG repeats could contribute to the risk of breast cancer in women by decreasing the AR transcriptional efficiency in breast cells and hence producing a decreased response to circulating androgens. Conversely, there was a different trend in the Asian subgroup. The long CAG repeat polymorphisms showed a trend of reducing the risk of breast cancer in women. However, strictly speaking, no statistically significant correlation was identified for CAG repeat length in the Asian population because the upper limit of the 95% CI was greater than 1. This opposite trend might result from many factors. The variation ranges of CAG repeats in the Asian population were shorter than those in the Caucasian population. Thus, the median of the CAG repeat length might be different in the Asian population than the Caucasian population. This discrepancy between races might have led to the inconsistent results. Moreover, only three studies included a subgroup analysis of the Asian population. The sample size was too small. More studies are needed to determine the correlation between the CAG polymorphism length and breast cancer in the Asian population. There was no positive result in the African subgroup.
As mentioned previously, the heterogeneity of this metaanalysis was not satisfactory. After dividing the subjects into three subgroups, heterogeneity still existed. A metaregression was necessary to identify the heterogeneity. We analyzed the ethnicity, source of control subjects, publication year, study type, age of the population and official language of the population. The results of the official language analysis suggested that the heterogeneity of the OR was derived from studies by Tsezou et al, 10 Mehdipour et al 23 and De Abreu et al. 20 We then reviewed the articles again, and we found no obvious difference in the populations in these three articles and those in the other studies. Therefore, we propose that the heterogeneity of the OR may be derived from other factors that were not mentioned in the studies.
The strengths of our study include a large sample size and no indication of publication bias. However, some limitations should be considered. Physiological factors, environmental factors and other unknown risks may play a role in the interaction of AR genetic variations and breast cancer risk in women. [33] [34] [35] [36] Moreover, due to a relatively small sample size or lack of necessary information in some studies, we were unable to perform further subgroup analyses. Thus, further investigations should be performed to identify the association between the length of CAG repeat polymorphisms and breast cancer in women.
Conclusion
In this meta-analysis, we reviewed previous findings regarding the association between AR CAG repeat polymorphisms and breast cancer risk. We discovered that long CAG 
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